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A tubular intraluminal graft for repair- 
ing body conduits, made from at least one 
layer of porous expanded PTFE film that has 
a microstructure having fibrils oriented in at 
least two directions which are substantially 
perpendicular to each other. The tubular intra- 
luminal graft has a wall thickness of less than 
about 0.25 mm and may have a longitudinally 
or hellically oriented seamline. Additional re- 
inforcing components such as reinforcing ribs 
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A TUBULAR INTRALUMINAL GRAFT 



FIELD OF THE INVENTION 

This invention relates to the field of intraluminal grafts and 
5 particularly to thin-wall intraluminal grafts useful as a lining for 
blood vessels or other body conduits. 



BACKGROUND OF THE INVENTION 

Conventional vascular grafts have long been used for vascular 
repair in humans and animals. These devices are typically flexible 

10 tubes of woven or knitted polyethylene terephthalate or of porous 
polytetrafluoroethylene (hereinafter PTFE). Grafts of biological 
origin are also used, these being typically fixed human umbilical or 
bovine arteries. These conventional vascular grafts usually require 
invasive surgical methods that expose at least both ends of the 

15 segment of vessel to be repaired. Frequently it is necessary to 
expose the entire length of the vessel segment. These types of 
repairs consequently cause major trauma to the patient with 
corresponding lengthy recovery periods and may result in occasional 
mortal ity. 

20 Alternative methods have evolved which use intraluminal vascular 

grafts in the form of diametrically-expandable metallic stent 
structural supports, tubular grafts or a combination of both. These 
devices are preferably remotely introduced into a body cavity by the 
use of a catheter type of delivery system. Alternatively they may be 

25 directly implanted by invasive surgery. The intent of these methods 
is to maintain patency after an occluded vessel has been re-opened 
using balloon angioplasty, laser angioplasty, atherectomy, roto- 
ablation, invasive surgery, or a combination of these treatments. 
Intraluminal vascular grafts can also be used to repair 

30 aneurysmal vessels, particularly aortic arteries, by inserting an 

intraluminal vascular graft within the aneurysmal vessel so that the 
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prosthetic withstands the blood pressure forces responsible for 
creating the aneurysm. 

Intraluminal vascular grafts provide a new blood contacting 
surface within the lumen of a diseased living vessel. Intraluminal 
5 grafts are not, however, limited to blood vessels; other applications 
include urinary tracts, biliary ducts, respiratory tracts and the 
1 ike. 

If the intraluminal graft used is of thin enough wall and 
adequate flexibility, it may be collapsed and inserted into a body 

10 conduit at a smaller diameter location remote from the intended repair 
site. A catheter type of delivery system is then used to move the 
intraluminal graft into the repair site and then expand its diameter 
appropriately to conform to the inner surface of the living vessel. 
Various attachment methods including the use of expandable metallic 

15 stents may be used to secure the intraluminal graft at the desired 
location without the necessity of invasive surgery. 

Intraluminal vascular grafts were suggested as early as 1912 in 
an article by Alexis Carrel (Results of the permanent intubation of 
the thoracic aorta. Surg., Gyn and Ob. 1912;15:245-248). U.S. Patent 

20 3,657,744 to Ersek describes a method of using one or more expandable 
stents to secure a flexible fabric vascular graft intraluminally, the 
graft and stent having been introduced distally and delivered to the 
desired position with a separate delivery system. 

Choudhury, U. S. Patent 4,140,126, describes a similar method of 

25 repairing aortic aneurysms whereby a polyethylene terephthalate 

vascular graft is fitted at its ends with metal anchoring pins and 
pleated longitudinally to collapse the graft to a size small enough to 
allow for distal introduction. 

Rhodes, U.S. Patent 5,122,154 and Lee, U.S. Patent 5,123,917, 

30 describe endovascular bypass grafts for intraluminal use which 

comprise a sleeve having at least two diametrically-expandable stents. 
Rhodes teaches that the sleeve material is to be made of conventional 
vascular graft materials such as GORE-TEX® Vascular Graft (W. L. Gore 
& Associates, Inc., Flagstaff AZ) or Impra® graft (Impra, Inc. Tempe 

35 AZ). Both the G0RE-TEX Vascular Graft and Impra Graft are extruded 
and longitudinally expanded PTFE tubes. Additionally, the G0RE-TEX 
Vascular Graft possesses an exterior helical wrapping of porous 



WO 95/05131 



PCT7US94/04807 



expanded PTFE film. The difficulty with the use of either the GORE- 
TEX Vascular Graft or the Impra Graft as the sleeve component is that 
the relatively thick, bulky wall of these extruded, longitudinally 
expanded PTFE tubes limits the ability of the tube to be contracted 
5 into a small cross-sectional area for insertion into a blood vessel 
For example, the wall thickness of a 6 mm inside diameter Thin Walled 
GORE-TEX Vascular Graft is typically 0.4 mm. The thinness of the wall 
is limited by the difficulty of producing an extruded, longitudinally 
expanded tube having a thin wall of relatively uniform thickness. 

10 SUMMARY OF THE INVENTION 

The present invention is a tubular intraluminal graft comprised 
of porous expanded PTFE film having a microstructure of nodes 
interconnected by fibrils, the fibrils being oriented in at least two 
directions which are substantially perpendicular to each other. These 
15 multiaxially-oriented films having either biaxially or mul tiaxially- 
oriented fibrils are made by an expansion process as taught by U.S. 
Patents 3,953,566; 4,187,390 and 4,482,516; these patents are herein 
incorporated by reference. The films are expanded by stretching them 
in at least two directions. Multiaxially-oriented films include films 
20 having biaxially-oriented fibrils that are oriented primarily in two 
directions that are substantially perpendicular to each other. 
Multiaxially-oriented films also include films having multiaxially- 
oriented fibrils wherein the fibrils are oriented in all directions 
within the plane of the film. 
25 The term expanded is used herein to refer to porous expanded 

PTFE. The terms expand, expanding and expandable are used herein to 
refer to diametrically-adjustable intraluminal stents. 

Multiaxially-oriented films having either biaxially or 
multiaxially-oriented fibrils may be made by expanding the film by 
30 stretching it in two directions that are substantially perpendicular 
to each other, for example longitudinally and transversely. Films 
having multiaxially-oriented fibrils may also be made by expanding the 
film by stretching it in more than two directions. Conditions that 
may affect fibril orientation include not only the directions of 
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forces applied during expansion, but also expansion rate, expansion 
amounts, and the use of either simultaneously or sequentially applied 
expansion forces. 

Because porous expanded PTFE films are typically of greatest 
5 strength in the directions parallel to the orientation of the fibrils, 
an intraluminal graft constructed from these multiaxi ally-oriented 
porous expanded PTFE films will have good strength characteristics in 
all directions. The inventive intraluminal graft has a wall with a 
thickness of less than about 0.25 mm and preferably less than 0.10 mm. 
10 The wall of the graft comprises at least one layer of the 
multiaxi ally-oriented porous expanded PTFE film. 

The inventive intraluminal graft has good hoop strength because 
of the multiaxially-oriented film from which it is made. The graft is 
flexible and collapsible, thereby allowing it to be collapsed to a 
15 size much smaller than the full inside diameter. The graft is capable 
of being implanted into a living body in the collapsed state and can 
therefore be inserted into a conveniently accessible, smaller diameter 
portion of a body conduit and then transferred to another, larger 
diameter portion of the body conduit where it is needed with the use 
20 of a catheter type of delivery system. One end of the intraluminal 
graft is then secured by suitable means such as the use of a metallic 
expandable stent. The use of the inventive intraluminal graft thus 
allows for the effective repair of living blood vessels without the 
trauma typically associated with conventional invasive vascular 
25 surgery. 

The inventive intraluminal graft may optionally incorporate 
separate reinforcing ribs intended to serve as additional strength 
members. The ribs may be either longitudinally oriented or 
circumferentially oriented as long as they do not prevent the graft 

30 from being diametrically collapsed for insertion into the vascular 
system. These ribs may be in the form of, for example, stringers of 
PTFE or fluorinated ethylene propylene (hereinafter FEP) of small 
diameter such as about 0.025 mm to about 0.5 mm. The use of, for 
example, longitudinally-oriented ribs can add significantly to the 

35 longitudinal strength of the graft without appreciably interfering 

with the ability of the graft to be collapsed in diameter for ease of 
insertion into a vascular system and then subsequently increased in 



WO 95/05131 



PCT/US94/04807 



-5- 

diameter at a different location within the vascular system. These 
ribs may easily be incorporated into the graft during construction of 
the graft, for example, by temporarily attaching the ribs to the 
surface of a manufacturing mandrel prior to wrapping the mandrel with 
5 a layer of porous expanded PTFE film. The mandrel assembly can then 
be heated adequately to cause the ribs to adhere to the film, after 
which the mandrel can be removed. The ribs may be located on the 
luminal surface of the film, on the exterior surface of the film, or 
between two layers of the film. A braid may also be used as an 
10 additional reinforcing component in place of reinforcing ribs. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is an enlarged schematic representation of a multiaxially- 
oriented porous expanded PTFE film having biaxi ally-oriented 
fibrils used to construct the intraluminal graft of the present 
15 invention. 

Figure 2 is an enlarged schematic representation of a multiaxially- 
oriented porous expanded PTFE film having multiaxially-oriented 
fibrils used to construct the intraluminal graft of the present 
invention. 

20 Figure 3 is a scanning electron photomicrograph x500 of a 

multiaxially-oriented porous expanded PTFE film having biaxi ally- 
oriented fibrils used to construct the intraluminal graft of the 
present invention. 
Figure 4 is a scanning electron photomicrograph x2000 of a 
- 5 multiaxially-oriented porous expanded PTFE film having 

multiaxially-oriented fibrils used to construct the intraluminal 
graft of the present invention. 
Figure 5 is a perspective view of an intraluminal graft of the present 
invention having a longitudinally oriented seamline. 
!0 Figure 6 is a perspective view of an intraluminal graft of the present 
invention having a radially oriented seamline. 
Figures 7A, 7B and 7C are cross sectional views of an intraluminal 
graft of the present invention made from a single layer of film. 
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Figure 8 is a cross sectional view of an intraluminal graft of the 

present invention made from two layers of film. 
Figures 9A, 9B and 9C describe cross sectional views of the 
intraluminal graft incorporating reinforcing ribs. 
5 Figure 10 describes a perspective view of the intraluminal graft 
incorporating a reinforcing braid. 

DETAILED DESCRIPTION OF THE INVENTION 

Figure 1 shows an enlarged schematic representation of the 
surface microstructure of a mul tiaxially-oriented film 10 having 
biaxially-oriented fibrils wherein nodes H are connected by fibrils 
13 and fibrils 15. Fibrils 13 and 15 are oriented respectively in two 
directions which are substantially perpendicular to each other within 
the plane of the film. These multiaxially-oriented films having 
biaxially-oriented fibrils may also contain some fibrils such as 
fibril 17 that are not parallel to either fibrils 13 or fibrils 15. 

Figure 2 describes an enlarged schematic representation of the 
surface microstructure of a mul tiaxially-oriented film 20 wherein 
nodes H are connected by fibrils 21- The fibrils 21 are 
multiaxially-oriented fibrils which are oriented in substantially all 
directions within the plane of the film wherein virtually all fibrils 
are oriented substantially perpendicular to some other fibrils. 

Figure 3 shows a scanning electron photomicrograph of a 
multiaxially-oriented porous expanded PTFE film having biaxially- 
oriented fibrils used to construct examples 1 and 2 described below. 

Figure 4 shows a scanning electron photomicrograph of a 
multiaxially-oriented porous expanded PTFE film having multiaxially- 
oriented fibrils used to construct example 3 described below. 

The tubular intraluminal graft is manufactured by wrapping a 
multiaxially-oriented porous expanded PTFE film around a mandrel and 
forming a seamline by overlapping adjacent edges of the film. As 
shown by Figure 5, the seamline 51 may be longitudinally-oriented so 
that it is substantially parallel to the longitudinal axis 53 of the 
graft 50. After the seamline 51 is formed, the film-wrapped mandrel 
is placed into an oven set above the melt-point of the PTFE film 55 



WO 95/05131 



PCTYUS94/04807 



-7- 

for a time adequate to cause the overlapping edges of the film to 
adhere to each other. After heating, the film-wrapped mandrel is 
removed from the oven and allowed to cool. The mandrel is then 
removed from within the resulting tubular intraluminal graft. 
5 Alternatively, an adhesive such as FEP may be used between the 

adjacent edges forming the seamline, requiring that the film-wrapped 
mandrel be heated only adequately to melt the adhesive enough to bond 
the adjacent edges. 

In still another alternative, the PTFE film may be provided with 
10 a coating of the adhesive on only one surface of the film. These 

adhesive-coated films are oriented during wrapping of the mandrel so 
that the adhesive-coated side of the film faces away from the surface 
of the mandrel and therefore contacts only adjacent layers of film and 
does not contact the mandrel. The adhesive is preferably in the form 
15 of a discontinuous coating in order to have a minimal effect on the 
porosity of the completed thin wall intraluminal graft. The adhesive 
must be biocompatible; preferred adhesives are thermoplastics of lower 
melt point than the crystalline melt point of the PTFE film. 
Thermoplastic fluoropolymers such as FEP are most preferred. These 
20 types of adhesives are activated by placing the film-wrapped mandrel 
into an oven at a combination of time and temperature adequate to 
cause melting of the adhesive. 

The FEP-coated porous expanded PTFE film is made by a process 
which comprises the steps of: 
25 a) contacting a porous PTFE film with another layer which is 
preferably a film of FEP or alternatively of another 
thermoplastic polymer; 
b) heating the composition obtained in step a) to a temperature 
above the melting point of the thermoplastic polymer; 
30 c) stretching the heated composition of step b) while maintaining 
the temperature above the melting point of the thermoplastic 
polymer; and 
d) cooling the product of step c). 

The adhesive coating on the multiaxially-oriented porous expanded 
35 PTFE film may be either continuous (non-porous) or discontinuous 

(porous) depending primarily on the amount and rate of stretching, the 
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temperature during stretching and the thickness of the adhesive prior 
to stretching. 

As described by Figure 6, the intraluminal graft 50 may be formed 
by wrapping a tape £1, formed by cutting a multiaxi ally-oriented 
5 porous expanded PTFE film into a narrow strip, helically-wrapping the 
tape 61 around a mandrel and overlapping adjacent edges of the tape to 
create a helically-oriented seamline 63. The overlapping adjacent 
edges may be adhered as described previously for the longitudinally- 
oriented seamlines 51* 
10 Figure 7A shows a cross section of the intraluminal graft 50 

having a simple overlapped seamline 51. In an alternative embodiment 
described by the cross sectional view of Figure 7B, the seamline 51 
may be formed as a flange H which may optionally be folded over as 
shown by the cross sectional view of Figure 7C. The seamlines of 
15 Figures 7B and 7C are most practical for longitudinally-oriented 
seamlines; the simple overlapped edge seamline of Figure 7A is 
preferred for helically-oriented seamlines. 

As shown by the cross sectional view of Figure 8, the 
intraluminal graft may also be made from two or more layers of 
20 multiaxially-oriented porous expanded PTFE film by allowing the film 
to completely overlap itself at least one time. Two or more layer 
embodiments may be formed by either helically or longitudinally 
wrapping the film around the mandrel. 

Various samples of the intraluminal graft of the present 
invention were constructed and are described below as examples. The 
methods used to characterize the fibril lengths of the films used. to 
make the grafts, the wall thicknesses of the films and the resulting 
grafts, and the method used to mechanically test the integrity of the 
resulting grafts are as follows. 

The fibril lengths of the porous expanded PTFE films referred to 
herein were estimated mean values obtained by examining scanning 
electron photomicrographs of these films. For multiaxially-oriented 
films, these estimates included consideration of fibrils oriented in 
all directions. The mean fibril lengths of the films used to 
construct the intraluminal grafts of the present invention are 
preferred to be within range of about 5 to about 120 microns, although 
fibril lengths beyond this range may also be useful. 
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Wall thickness measurements of the finished intraluminal grafts 
were made by longitudinally slitting the wall of a short length of the 
tubular graft to create a flat sheet. These wall thickness 
measurements did not include the overlapped edges of the seamlines. 
5 Seamlines are not included in wall thickness measurements unless the 
width of the seamline is such that the graft is made from two or more 
layers of film as described by the cross sectional view of Figure 8. 
The wall thickness of the flat sheet was measured using a Mitutoyo 
model no, 2804-10 snap gauge having a part no. 7300 frame, by placing 

10 the sheet between the pads of the gauge and gently easing the pads 

into contact with the sample until the pads were in full contact with 
the sheet under the full force of the spring-driven snap gauge pads. 
Film density values were based on the bulk volume of a film sample 
using the snap-gauge thickness measurement. 

15 Pressure testing of all samples was accomplished by inserting a 

length of 6 mm outside diameter tubular latex bladder of about 0.4 mm 
wall thickness into the lumen of the tubular sample to be tested, 
clamping off one end of the tubular sample and latex bladder assembly 
with forceps, and applying air pressure for a period of time as 

20 described for each example to the tubular sample and bladder assembly. 
Approximately three seconds was required to achieve the described air 
pressure level; this three second period was not included in the test 
period. After the release of pressure, the bladder was removed from 
the tubular sample and the sample was visually inspected for any 

25 resulting damage. 

EXAMPLE 1 

A multiaxi ally-oriented porous expanded PTFE film having 
biaxially-oriented fibrils as described by Figures 1 and 3 was used to 
make an intraluminal graft. The film used was of about 30 micron 

30 fibril length, about 10 cm width and about .08 mm thickness. A 12 cm 
long sample of this film was wrapped around a 6 mm diameter stainless 
steel mandrel forming a longitudinally-oriented seamline as shown by 
Figures 7B and 7C. The biaxially-oriented fibrils of the film were 
oriented to be parallel to the circumference of the mandrel and 

35 parallel to the longitudinal axis of the mandrel. The film edges were 
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adhered by using a hot iron shielded with a thin sheet of polyimide 
film. The iron, having a surface temperature of about 400°C, was 
applied by hand against the thin sheet of polyimide film and the 
length of the seamline. The excess material was then trimmed away 
5 with a scalpel leaving an overlapping seamline of about 2 mm width. 
The film-wrapped mandrel was then placed into an oven set at 381°C for 
6 minutes, after which it was removed from the oven and allowed to 
cool. The mandrel was then removed from the finished intraluminal 
graft. A 10 cm length of the intraluminal graft was pressure tested 
10 at 1.0 kg/cm 2 for 30 seconds without any adverse visible effects. 

EXAMPLE 2 

A length of 12.5 mm wide tape was cut from the same film used to 
construct Example 1. The strip of tape was cut so that the biaxi ally- 
oriented fibrils of the film were oriented substantially parallel and 

15 perpendicular to the length of the tape. The tape was then helically 
wrapped around the surface of a 6 mm stainless steel mandrel as shown 
by Figure 6 to form an intraluminal graft of about 16 cm length. 
Adjacent tape edges overlapped by about 1 mm. The film-wrapped 
mandrel was then placed into an oven set at 380°C for 10 minutes after 

20 which it was removed and allowed to cool. The mandrel was then 

removed from the finished intraluminal graft. A 17 cm length of the 
graft was then pressure tested at 1.0 kg/cm 2 for 3 minutes. The 
pressure test caused no visible damage to the graft. 



EXAMPLE 3 

25 An intraluminal graft was formed from the film described by 

Figure 4. This film had a fibril length of about 5 microns, a 
thickness of about 0.6 mm and a density of 0.3 g/cc. This film is 
available as a filtration membrane from W. L. Gore & Associates, Inc., 
Elkton, MD, part no. 10382. A 7 cm length of this film was wrapped 

30 around a 6 mm stainless steel mandrel to form a longitudinally- 
oriented seamline of about 1 mm width as shown by Figure 7A. A 1 mm 
wide strip of 0.013 mm thick FEP film was placed between the 
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overlapped edges of the mul tiaxially-oriented porous PTFE film. The 
film-covered mandrel was placed into an oven set at 353°C for 4.5 
minutes, removed and allowed to cool. Excess material was trimmed 
from the 1 mm wide seamline at this time. The mandrel was then 
5 removed from the finished intraluminal graft. A 5 cm length of this 
graft was then pressure tested at 1.0 kg/cm 2 for 30 seconds without 
visible damage. 

As previously described, the intraluminal graft may be provided 
with longitudinal reinforcing ribs in the form of stringers of, for 

10 example, FEP or PTFE. Figure 9A describes a cross sectional view of 
an intraluminal graft with ribs IH on the exterior surface. Figure 
9B describes a cross sectional view of an intraluminal graft with 
ribs HI on the luminal surface. Figure 9C shows a cross sectional 
view having ribs HI between two layers of film. The ribs are not 

15 limited to being oriented parallel to the longitudinal axis of the 
intraluminal graft, but may also be provided to be oriented 
substantially circumferential to the tube, for example helically 
oriented. Alternatively, as shown by Figure 10 a braid 115 may used 
as an additional reinforcing component in place of the reinforcing 

20 ribs. 
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We Claim: 

1. An intraluminal graft comprising a tube having an exterior 
surface, a luminal surface, and a longitudinal axis, said tube 
being comprised of at least one layer of porous expanded 
polytetrafluoroethylene film wherein the porous expanded 
polytetrafluoroethylene film has edges and has a microstructure 
having fibrils oriented in at least two directions which are 
substantially perpendicular to each other, and wherein said tube 
has a wall thickness of less than about 0.25 mm, 

2. An intraluminal graft according to claim 1 wherein the tube has 
seamline formed by overlapping the edges of the porous expanded 
polytetrafluoroethylene film, 

3. An intraluminal graft according to claim 2 wherein the seamline 
is substantially parallel to the longitudinal axis of the tube. 

15 4. An intraluminal graft according to claim 2 wherein the seamline 
is helically oriented with respect to the longitudinal axis of 
the tube, 

5. An intraluminal graft according to claim 1 wherein the tube has 
wall thickness of less than about 0.1 mm. 
20 6. An intraluminal graft according to claim 2 wherein the tube has 
wall thickness of less than about 0.1 mm. 

7. An intraluminal graft according to claim 3 wherein the tube has 
wall thickness of less than about 0.1 mm. 

8. An intraluminal graft according to claim 4 wherein the tube has a 
25 wall thickness of less than about 0.1 mm. 

9. An intraluminal graft according to claim 5 wherein the tube has a 
wall thickness of less than about 0.08 mm. 

10. An intraluminal graft according to claim 6 wherein the tube has a 
wall thickness of less than about 0.08 mm. 

30 11. An intraluminal graft according to claim 7 wherein the tube has a 
wall thickness of less than about 0.08 mm. 

12. An intraluminal graft according to claim 8 wherein the tube has a 
wall thickness of less than about 0.08 mm. 

13. An intraluminal graft according to claim 2 wherein the seamline 
35 is adhered by an adhesive. 

14. An intraluminal graft according to claim 13 wherein the adhesive 
is fluorinated ethylene propylene. 
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15. An intraluminal graft according to claim 1 wherein the tube is 
provided with at least one reinforcing rib. 

16. An intraluminal graft according to claim 2 wherein the tube is 
provided with at least one reinforcing rib. 

5 17. An intraluminal graft according to claim 5 wherein the tube is 
provided with at least one reinforcing rib. 

18. An intraluminal graft according to claim 6 wherein the tube is 
provided with at least one reinforcing rib. 

19. An intraluminal graft according to claim 1 wherein the tube is 
10 provided with a reinforcing braid. 

20. An intraluminal graft according to claim 2 wherein the tube is 
provided with a reinforcing braid. 

21. An intraluminal graft according to claim 5 wherein the tube is 
provided with a reinforcing braid. 

15 22. An intraluminal graft according to claim 6 wherein the tube is 
provided with a reinforcing braid. 
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